Objective This study examines new socio-ecological variables reflecting community context as predictors of mammography use. Methods The conceptual model is a hybrid of traditional health-behavioral and socio-ecological constructs with an emphasis on spatial interaction among women and their environments, differentiating between several levels of influence for community context. Multilevel probability models of mammography use are estimated. The study sample includes 70,129 women with traditional Medicare fee-for-service coverage for inpatient and outpatient services, drawn from the SEER-Medicare linked data. The study population lives in heterogeneous California, where mammography facilities are dense but utilization rates are low. Results Several contextual effects have large significant impacts on the probability of mammography use. Women living in areas with higher proportions of elderly in poverty are 33% less likely to use mammography. However, dually eligible women living in these poor areas are 2% more likely to use mammography than those without extra assistance living in these areas. Living in areas with higher commuter intensity, higher violent crime rates, greater land use mix (urbanicity), or more segregated Hispanic communities exhibit -14%, -1%, -6%, and -3% (lower) probability of use, respectively. Women living in segregated American Indian communities or in communities where more elderly women live alone exhibit 16% and 12% (higher) probability of use, respectively. Minority women living in more segregated communities by their minority are more likely to use mammography, suggesting social support, but this is significant for Native Americans only. Women with disability as their original reason for entitlement are found 40% more likely to use mammography when they reside in communities with high commuter intensity, suggesting greater ease of transportation for them in these environments. Conclusions Socio-ecological variables reflecting community context are important predictors of mammography use in insured elderly populations, often with larger magnitudes of effect than personal characteristics such as race or ethnicity (-3% to -7%), age (-2%), recent address change (-7%), disability (-5%) or dual eligibility status (-1%). Better understanding of community factors can enhance cancer control efforts.
Introduction
A lot of attention has been paid to whether mammography facilities are conveniently placed [1] . Apart from service proximity, there are many other factors that might affect one's decision to use mammography. Patient factors related to reduced use of mammography include increased age, minority status, low income, low education, or literacy, poorer general health, poor understanding of the disease or mammography, lack of self-breast examination, no history of previous mammogram, rural residence, lack of transportation, costs, and a variety of cultural beliefs about risk and health or previous unpleasant experiences with the medical care system . Lack of insurance and type of insurance are also important influences on screening among the general population. Women without insurance are less likely to get a mammogram [3] [4] [5] [6] [7] [8] , whereas those in Medicare or commercial health maintenance organizations (HMOs) are more likely to be screened or have cancers detected at an earlier stage [2, 9, 13, 23, 25, 26] . Also, screening rates may be higher in regions with higher HMO penetration in Medicare and the private sector [24, 26] . Studies have shown that longer distance to screening facilities and a lack of factors that compensate for that distance, such as car use or public transportation, are negatively correlated with mammography screening [27] [28] [29] .
The model of social and environmental influences on human behaviors is known as the ecological perspective [30] [31] [32] [33] [34] [35] [36] [37] [38] , which recognizes that many factors influence population health and at various levels of influence: intrapersonal factors (individual characteristics such as knowledge and beliefs that influence behaviors), interpersonal neighborhood factors (social support, cultural cohesion, family, friends, peers that provide social identity), and both local (social context, physical environment, health care system) and more distal (institutional regulations, social and economic policies, media influences, ordinances, political climate) community factors. For example, residential racial or ethnic segregation is a contextual variable that has been associated with health outcomes [38] [39] [40] [41] . Residential segregation is, but, one of a large collection of geospatial characteristics that might help in explaining cancer prevention behavior. For example, limited attention has been paid to aspects of social support such as recent immigrant status, English language proficiency, living alone, or other housing or care arrangements for the elderly.
The effect of socio-ecological characteristics of a woman's neighborhood of residence on her screening behavior has not been well studied. This paper fills this gap in the literature, examining a well-insured group of women with no restrictions on provider choice, living in a region with good density of mammography facilities but poor mammography use rates, to better understand the variety of community contextual factors that drive mammography use decisions. The methods are guided by a conceptual model which is a unique hybrid of traditional healthbehavioral and socio-ecological constructs, with an emphasis on spatial interaction among women and their environments, differentiating between several levels of influence for community context. In addition to the direct effects of community context, we examine several interactions between personal and community contextual variables. The SEER-Medicare population within SEER regions is comparable to the general Medicare population in terms of age, sex, poverty, and education but is slightly more urban with a greater proportion of foreign-born residents [42] . California is one of 13 states with SEER registries and has the largest study population among them. California has widely variable mammography use over geographic regions and considerable heterogeneity in socio-economic and socio-cultural factors. California exhibits urbanization with dense traffic congestion and commuter intensity in some places, flanked by rural locales with isolated providers. There is also good geographic density of mammography service locations, so more than half the women in the sample lived in the same ZIP code as a mammography facility, and only 3% were located in a ZIP code more than 10 miles from a facility.
Methods
The conceptual model for the analysis is a spatialinteractions approach that recognizes the interplay between personal, social, and physical environments along the pathways to healthcare utilization. Following Mobley et al. [43] , we blend the health behavioral and socio-ecological perspectives to create a hybrid spatial interactions model that explicitly considers the levels of influence that are central to the mainstream socio-ecological perspective and differentiates personal characteristics into the enabling, predisposing, and need constructs from the traditional behavioral health model [44] . The hybrid model (Fig. 1) positions the individual as making utilization choices (the final outcome) in a market context that has different levels of influence for different classes of contextual variables, and guides the selection of variables to be included in the analysis while suggesting the appropriate level of aggregation for them through its classification of the zones of influence.
The variables chosen for this work, where they fit in terms of the concept, and their sources are described in Table 1 , which is divided into three sections corresponding to the conceptual model: individual characteristics (categorized into enabling, predisposing, and need categories), interpersonal/proximate factors, intermediate/community factors, and macro/fundamental (more distal) community factors. The interpersonal/proximate factors are measured at the Primary Care Service Area (PCSA), which is smaller than the county and based on elderly patient flows to their primary care physicians [45] , whereas the intermediate/ community factors are measured at the county level. This hierarchy has been compared to others using different neighborhood constructs, which all produce comparable findings [43] . The macro/fundamental factors category is not represented in the California analysis because these are viewed as state-or regional-level variables.
Individual characteristics
An important enabling characteristic is the type of health coverage. All women in the sample have both Parts A and B of traditional fee-for-service Medicare insurance, which allows free choice of provider and mammography facility. Medicare and Medicaid. We expect that personal disability or dual eligibility status are the disabling characteristics, because physical limitations and low income may present additional burdens to care-seeking behavior. Shorter distance to the closest mammography facility is seen as an enabling characteristic. Another characteristic not seen in previous research is the recent address change-moving is expected to be a disruptive and a disabling characteristic.
Predisposing factors included in the model are: Medicare HMO coverage in the 2 years prior to the study period (because a recent mammogram might have been obtained under the HMO prior to joining fee-for-service, which could lower the probability of utilization in 2002-2003); age; race or ethnicity. Cancer diagnosis and utilization of flu shots are included as indicators of need. Persons with a previous cancer diagnosis are more likely to experience another cancer, and mammography is used [46] isolation index is used as the residential segregation measure, defined separately for each race or ethnicity relative to whites. Higher values for these indices reflect greater segregation among the races and ethnicities from the white population. The index is expected to have positive impacts for some groups and negative impacts for others, because residential segregation has been associated in the literature with both better-and worsehealth outcomes, depending on the race or ethnicity of the study population [38] [39] [40] [41] 47] . Two variables are included to reflect social or cultural cohesion: the proportion of local neighborhood population that has recently immigrated into the United States and the proportion of elderly residents with little or no English language ability. Both of these variables are expected to reduce cohesion and the probability of mammography use. Several stressor variables are included for each woman's local neighborhood: commuter intensity, elderly women in poverty, and elderly women living alone. Interdriver courtesy, which in our real-life experience decreases in communities with high commuter intensity, is expected to affect the difficulty experienced by elderly who drive or for their caregivers who drive them. Areas with greater commuter intensity have been found to exhibit lower access to preventive care services among the elderly; [48] thus, commuter intensity is expected to reduce mammography use. Areas with higher proportions of elderly women living in poverty or living alone are expected to exhibit lower mammography use rates because of lower social and material support, and women living in such areas are expected to exhibit lower probability of utilization.
Intermediate/community factors At the local community level are social context and physical environment factors that are impacted by fundamental/distal resources that shape the infrastructure supporting community life [38] . Important among these are characteristics of the healthcare system, such as physician shortage, facility density and proximity, and managed care climate. Managed care penetration in an area can change the way that medicine is practiced, with spillover effects on fee-for-service Medicare patients [24] , so women living in areas with greater managed care penetration-although not in managed care plans themselves-may exhibit different probabilities of mammography use. Use of mammography would be higher if area attitudes regarding prevention were enhanced but lower if crowding at facilities was subsequently greater, so we have no a priori expectation regarding the sign of the HMO spillover effect.
Availability of medical oncologists and nurses is expected to increase the probability of mammography use. Women living in areas with primary care physician shortages are expected to have lower probability of use. Primary care physician shortage is indicated using Health Resources and Services Administration (HRSA)'s measure at the county level. An alternative measure of physician availability is the ratio of International Medical Graduates (IMGs)-physicians of foreign origin, who train in the United States-to native U.S.-born physicians. One study has found that IMGs have disproportionately located in U.S. counties of greatest need, compared with native medical graduates [49] , which reflects successful efforts through the J-1 visa waiver program that encourage this [50] . Another study found that poor rural places with higher ratios of IMGs to native physicians had improved access to preventive care services for the elderly [48] . However, IMGs tend to settle in both urban and rural enclaves [50] , so the expected impact of IMG presence on a woman's mammography use is uncertain a priori.
Women living in counties with higher violent crime rates are expected to be less likely to use mammography. There is considerable research examining the link between crime/disorder and fear [51] and evidence that fear may be limiting women's movement around their environments [52] , especially for older women [53] .
A land use mix index is used in the model to differentiate between sprawling suburbia, rural places, and mixed inner-city environments. More mixed environments are associated with a greater variety of walkable destinations, and women living in them may exhibit lower cardiac risk [41] . Less mixed environments are associated with greater dependence on transportation resources because transport is required to do most anything outside the home. More mixed environments might increase the probability of mammography use, especially if mammography facility locations are mixed in among other destinations sought by elderly women. However, the opposite might be expected for elderly women who do not walk and need other forms of transportation (and parking) in busy urban areas, so we cannot predict the direction of this effect a priori.
Empirical analysis
A multilevel probit model of individual women's mammography use was estimated using the Generalized Estimating Equations (GEE) approach in SAS that corrects model standard errors for redundancies imposed by having common community factors across women residing in the same neighborhoods. Failure to adjust in this way would result in downward-biased standard errors and misleading p-values for the regression coefficients. A base model was estimated first with no interactions between the person and community-level variables, followed by four models with different specifications of interaction effects. Because there are very few predicted values in the tails of the probability distribution in these data, a linear probability model would be a good approximation to the highly nonlinear probit model. This simplifies the interpretation of the interaction effects among the covariates to effects at the means [54] . The statistical significance of four interaction effects of particular interest was assessed:
1. person's age and commuter intensity (expect a negative effect if one cares less about traffic congestion as one ages and no longer drives), 2. person's disability status and commuter intensity (expect a positive effect if services for the disabled are more abundant in areas with denser traffic), 3. person's dual eligibility status and neighborhood poverty (expect a positive effect if financial resources from dual eligibility programs ameliorate the disadvantages of poverty in the neighborhood), and 4. person's ethnicity and degree of residential segregation of that ethnicity in their neighborhood of residence (expect a positive effect if segregation increases social support and a negative effect if segregation decreases social support).
Results
The sample statistics are presented in Table 2 , and the empirical results are presented in Table 3 . The estimated coefficients have been transformed into their marginal probability equivalents. The base model's prediction success rate is 71%, with sensitivity (percentage correctly predicted ''yes'') of 80% and specificity (percentage correctly predicted ''no'') of 60%; thus, the fit is good.
Person-level findings
The impacts of person-level variables are essentially the same across the five models.
Enabling characteristics
Women with disability as the original reason for Medicare entitlement are about 5% less likely to use mammography, and women with dual eligibility for Medicare and Medicaid are about 1% less likely to use mammography. Women who moved to another ZIP code during 2002-2003 are about 7% less likely to use mammography. Living further than average distance from a mammography provider is associated with a lower probability of use, but the effect is very small (-0.001 per mile above the mean). Women at the 75th percentile of the distance distribution have a provider within 2.5 miles (and are 2.5 miles above the mean distance), so are expected to have about a quarter of a percent lower probability of use than women with mean distance to providers. To assess whether it was crowding, rather than proximity of facilities, that mattered, we included a variable reflecting the number of facilities in the woman's community per thousand elderly women (a county-level contextual variable). This variable never achieved statistical significance, even when distance to closest facility was excluded from the models.
Predisposing characteristics
Every additional year of age is associated with about a 2% decline in the probability of mammography use, reflecting on average the attitude that there is less benefit from screening with advancing age. A woman's race or ethnicity also predicts probability of use, but the estimated effect falls to about one-third of its former size (not shown) with the inclusion of community contextual factors. Holding constant statistically the community contextual variables, the estimated effects of a woman's race or ethnicity (except Hispanic) is negative compared whites; that is, these races and ethnicities are less likely to use mammography. Compared with whites, African Americans are about 3% less likely, whereas Asians, Native Americans, or other races/ethnicities are about 7% less likely to use mammography.
Need characteristics
Women who have been diagnosed with breast cancer are about 30% more likely to use mammography than women without breast cancer. This is as expected because mammography use is often part of the course of treatment. Women who have been diagnosed with other types of cancer are about 7% more likely to use mammography than women who have never been diagnosed with cancer, suggesting that having a cancer diagnosis may increase awareness of the importance of breast cancer screening. Women who received a flu shot from their doctor were about 17% more likely to use mammography, also suggesting better preventive-care behavior.
Interpersonal neighborhood-level contextual effects
The Hispanic isolation effect is negative in all models, suggesting a small (1-3%) lower probability of use among women living in segregated Hispanic neighborhoods. By contrast, the Native American isolation effect is large and positive in all models, suggesting that women living in areas with greater segregation of Native Americans are about 16% more likely to use mammography. The effect is more than twice the magnitude of the individual Native American race effect (which is negative), so seems to more than offset the individual effect. Living in a community where a larger proportion of workers commute long distances to work is associated with about 14% lower probability of use. This confirms our hypothesis that these areas are more difficult for elderly drivers or their caregivers and that this impedes utilization. Women who live in neighborhoods where a greater proportion of elderly women live alone higher probability of mammography use (about 12%). Women living in neighborhoods with a higher proportion of elderly living in poverty is the largest contextual effect, suggesting that women who live there are much less likely to use mammography (33% lower probability).
Two acculturation variables included in the modelsproportion of elderly with little or no English language ability and proportion of the local population that recently immigrated to the United States-are generally not statistically significant, but the estimated signs are consistently negative across models.
Intermediate community-level contextual effects
Women living in areas with greater numbers of oncologists or mammography facilities per capita, or areas coded as having primary care physician shortages do not have statistically significant differences in their probability of use. The IMG ratio of foreign-born to U.S.-born physicians is the strongest predictor among provider variables, and the effect is positive, suggesting a 6% higher probability of use. Women living in counties with greater numbers of nurses per capita are more likely to use mammography, but the effect is quite small. Women living in counties with higher violent crime rates are about 1% less likely to use mammography, which is not surprising and is consistent with recent literature [51] [52] [53] . Women living in counties with a more varied land use are about 6% less likely to use mammography, which is informative because we had no a priori expectations for this variable.
Interaction effects
Three of the four hypothesized interaction effects between women and their community characteristics achieved statistical significance. Dually eligible women living in communities with a higher proportion of elderly in poverty were about 2% more likely than non-dually eligible women in these areas to use mammography. Persons with disability as the reason for Medicare entitlement who lived in communities with greater commuter intensity were about 40% more likely to use mammography than non-disabled women in these communities. American Indian women living in segregated American Indian communities were about 42% more likely to use mammography than other women living in those communities.
Discussion
Person-specific effect estimates were very consistent across the five models estimated (main model and four interaction effects models). Women with disability as the original reason for entitlement, those dually eligible for Medicare and Medicaid, and those who recently changed address were less likely (-5%, -1%, -7%, respectively) to use mammography, suggesting that these characteristics are associated with impeded access to mammography. Minority women have lower probability of use than whites (-3% to -7%), but the estimated effect fell to about onethird of its former size with the inclusion of community contextual factors. This concurs with other literature and suggests that characteristics of places can be confounded with race or ethnicity, heightening the importance of conducting multilevel modeling.
We find that a variety of other contextual factors generally have greater impacts on use than these personal factors or facility accessibility. Women living in communities, where a greater proportion of elderly women live alone were found to be about 12% more likely to use mammography. One might speculate that the more health conscious, independent women in California tend to congregate in certain communities. If this phenomenon holds widely in other SEER states, it bears closer scrutiny because it might be useful to inform targeted comprehensive cancer control efforts. Women living in communities with greater proportions of elderly in poverty have much lower probability of use (33% lower on average), which is the largest contextual effect. This is modified by a woman's Medicare dual eligibility status. The interaction effect between area poverty and personal dual eligibility suggests that dually eligible women in poor communities are about 2% more likely to use services than their nondually eligible neighbors. This suggests that support from state Medicaid programs has improved mammography use. Commuter intensity, which reflects road congestion and driver courtesy, is another large negative effect (14% lower probability of use on average). This effect is greatly moderated by disability status: the interaction effect between commuter intensity in the neighborhood and a woman's disability status is positive. Disabled women living in commuter-intense communities are more likely to use mammography than non-disabled women in these communities, suggesting that disabled women in California may have better transportation resources in commuterintense neighborhoods.
Findings are mixed for women living in communities more segregated by race or ethnicity: living in more segregated Hispanic communities is associated with about 3% lower use, whereas living in more segregated Native American communities is associated with about 16% higher use. Furthermore, there is a significant interaction effect between a woman's Native American ethnicity and greater Native American segregation in her neighborhood-Native American women living in more segregated Native American communities have even higher probability of mammography use-suggesting that these communities have been very proactive in encouraging Native Americans to use mammography. There were no significant interaction effects of this type for other races or ethnicities.
Geographic accessibility was not found to be as important as other contextual factors. Distance to the closest facility or facility density had very small effects. These findings reflect the fact that facility density is good across most of California and the women studied are fully insured by traditional Medicare, with the ability to use any provider desired. Findings suggest at most small or statistically weak effects of provider availability (primary care physicians, oncologists, mammography facilities) on the probability of mammography use. However, women living in communities with a higher ratio of foreign-born to U.S.-born physicians have significantly higher probability of use (?6%). This may reflect a better match between the diversity of races and ethnicities among the women and the physicians who serve them in areas with higher IMG ratios. This finding is also consistent with other research showing improved access to primary care services for elderly in areas with higher IMG ratios [48] . These findings are not surprising, because the literature shows that foreign-born physicians trained in the United States have disproportionately located in counties of greatest need, compared with U.S. medical graduates [49] .
This study is limited to a well-insured sample of elderly women living in California, and may not be a representative of all women in California or in other places. Our ability to infer socioeconomic status was limited to a dual eligibility flag in the data. The SEER-Medicare linked data may not be spatially representative of all areas because the random sampling was based on social security numbers and not stratified by geography. Thus we must treat the sample as a convenient one and refrain from generalizing the results. Also, because the study is cross-sectional in nature, we cannot infer causality and can only identify associations between variables. These limitations open the door for future work using other areas or population for validation of these findings for broader populations. This study's main contribution was the focus on contextual factors not well explored in the health utilization literature. Results suggest that residential segregation, commuter intensity, violent crime rates, the tendency for elderly women to live alone, land use mix, and prevalence of foreign-born physicians are environmental contextual factors that significantly affect the probability of mammography use for well-insured elderly women in California. A fruitful area of future research is to examine whether these patterns vary across states and regions or other populations. A multistate study might be useful in assessing whether some Macro/Fundamental factors vary from state to state (such as Medicaid policies, comprehensive cancer control efforts and media campaigns, or other state regulations or ordinances). Further study might also inform further comprehensive cancer control efforts and facilitate targeted interventions to improve utilization rates and population health in specific communities.
